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(54) Electron emission device and method of manufacturing the same 


(57) The electron emission includes a layered body 
(28) including an auxiliary electrode (21), a first insula- 
tion layer (22), a first gate electrode (23), a second in- 
sulation layer (24), an emitter electrode (25), a third in- 
sulation layer (26), and a second gate electrode (27) 
formed in this order on a substrate (20). In this electron 
emission device, a hole (31, 33) is formed through the 


first insulation layer (22), the first gate electrode (23), 
the second insulation layer (24), the emitter electrode 
(25), the third insulation layer (26), and the second gate 
electrode (27), so that the auxiliary electrode (21) is ex- 
posed at the bottom of the hole (31 , 33) and the first gate 
electrode (23) protrudes more than the emitter electrode 
(25) toward the center line of the hole (31 , 33). 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to an electron 
emission device having an electron emitter for emitting 
electric-field electron emission and a method of manu- 
facturing the same and in particular, to an electron emis- 
sion device having a four-layered configuration of elec- 
trodes via an insulation layer and its production method. 

Description of the Prior Art 

[0002] These years, development and study on the 
display apparatus have been directed to reduction in the 
thickness of the display apparatus. A special attention 
is paid on electric field emission type display apparatus 
(hereinafter, referred to as an FED) using so-called elec- 
tron emission devices. 

[0003] In this FED, each pixel is constituted by an 
electron emission device in combination with an anode 
electrode and a fluorescent body which are opposed to 
the electron emission device. A plurality of such pixels 
are formed in a matrix to constitute a display apparatus. 
In this FED, electrons emitted from the electron emis- 
sion device are accelerated by the electric field between 
the electron emission device and the anode electrode 
to attack the fluorescent body. Thus, the fluorescent 
body is excited to emit light, so as to display an image. 
[0004] Generally, this electron emission device may 
be of a spint type or a planar type. The spint type of 
electron emission device includes an emitter electrode 
of an approximately conical shape, to which a predeter- 
mined electric field is applied so as to emit electrons. 
Moreover, when producing this spint type of electron 
emission device, a hole having a diameter of about 1 
micrometer is formed and inside this hole, the emitter 
electrode is formed by way of deposition or the like. 
[0005] However, in such a spint type of electron emis- 
sion device, it is difficult to form the aforementioned con- 
ical emitter electrode with a desired configuration, pre- 
venting a stable electron emission characteristic from 
being obtained. In particular, when producing a large- 
screen FED, it is necessary to uniformly form the emitter 
electrodes over a large substrate. In other words, unless 
the emitter electrodes are formed uniformly, the field 
electron emission characteristic varies depending on a 
position on the screen, disabling to display a preferable 
image. 

[0006] On the other hand, the planar type electron 
emission device includes an emitter electrode formed in 
a flat sheet shape sandwiched via an insulation layer by 
a pair ot gate electrodes, so that an electric field gener- 
ated between the pair of gate electrodes and the emitter 
electrode causes the emitter electrode to emit electrons 
[0007] In this planar type electron emission device, 


the emitter electrode for emitting electrons can be 
formed approximately in a flat sheet shape. Accordingly, 
this type of electron emission device can be produced 
more easily than the aforementioned spint type electron 
s emission device. 

[0008] In the planar type electron emission device 
having the aforementioned configuration, electrons 
emitted from the emitter electrode are accelerated to at- 
tack the fluorescent body in the same way as in the spint 
type electron emission device. Thus, in the FED using 
this planar type electron emission device, the fluores- 
cent body is excited to emit light, so as to display an 
image. 

[0009] The aforementioned planar type electron 
emission device is disclosed in US Patent 5,308,439, 
US Patent 5.604,399, US Patent 5,192,240, Japanese 
Patent Publication (Unexamined) 2-1 33397, and Japa- 
nese Patent Publication (Unexamined) 7-254354. In the 
electron emission devices disclosed in these docu- 
ments, it is difficult to deflect to a desired direction the 
electrons emitted from the emitter electrode, thus pre- 
venting the use of the device in a FED. 
[001 0] In order to solve this problem, as a planar type 
electron emission device, US Patent 5,124,347 disclos- 
es a four-layered electron emission device. In this four- 
layered electron emission device, a through hole is 
formed through the pair of electrodes sandwiching the 
emitter electrode via an insulation layer and an auxiliary 
electrode is arranged at the bottom of the hole. 
[0011] In the four- layered electron emission device 
having the aforementioned configuration, the auxiliary 
electrode generates an electric field which deflects the 
electrons emitted from the emitter electrode, to the di- 
rection of the anode electrode. Thus, the four-layered 
electron emission device can effectively make the elec- 
trons emitted from the emitter electrode, to attack the 
fluorescent body on the anode electrode, enabling to 
display a comparatively preferable image. 
[0012] In the aforementioned four-layered electron 
emission device, the electrons are deflected by the elec- 
tric field generated by the auxiliary electrode, which may 
also affect the emitter electrode. That is, in this electron 
emission device, the electric field generated from the 
auxiliary electrode affects the vicinity of the tip end of 
the emitter electrode. 

[001 3] Moreover, the emitter electrode is subjected to 
an electric field for emitting electrons from the pair of 
gate electrodes. However, in the conventional four-lay- 
ered electron emission device, as has been described 
above, the electric field generated from the auxiliary 
electrode is applied to the emitter electrode and accord- 
ingly, the electric field applied from the pair of gate elec- 
trodes to the emitter electrode becomes relatively small. 
[0014] For this, in the four-layered electron emission 
device, there is a problem that the electron quantity 
emitted from the emitter electrode is reduced. In order 
to compensate this reduction in the electron emission 
quantity, it is necessary to increase the drive voltage ap- 
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plied to the pair of gate electrodes. In this case, in the 
electron emission device, it is necessary to increase the 
voltage resistance of the drive circuit, which significantly 
increase the production cost. 

SUMMARY OF THE INVENTION 

[001 5] It is therefore an object of the present invention 
to provide an electron emission device capable of de- 
flecting emitted electrons into a predetermined direction 
and preferably emitting electrons with a small drive volt- 
age, as well as a production method of the same. 
[001 6] The electron emission device according to the 
present invention includes: an auxiliary electrode lay- 
ered over a substrate; a first gate electrode layered via 
a first insulation layer over the auxiliary electrode; an 
emitter electrode layered via a second insulation layer 
over the first gate electrode for emitting electrons when 
subjected to an electric field; and a second gate elec- 
trode layered via a third insulation layer over the emitter 
electrode; wherein a hole is formed through the first in- 
sulation layer, the first gate electrode, the second insu- 
lation layer, the emitter electrode, the third insulation 
layer, and the second gate electrode, so that the auxil- 
iary electrode is exposed at a bottom of the hole; and 
the first gate is formed so as to protrude more than the 
emitter electrode toward a center line of the hole, 
[0017] In the electron emission device having the 
aforementioned configuration, a predetermined voltage 
is applied to the first gate electrode and the second gate 
electrode so as to apply a predetermined electric field 
to the emitter electrode. Thus, the emitter electrode 
emits electrons. 

[0018] Moreover, in this electron emission device, a 
predetermined voltage is applied to the auxiliary elec- 
trode so that the auxiliary electrode generates a prede- 
termined electric field, which is used to deflect electrons 
emitted from the emitter electrode. 
[0019] Furthermore, in this electron emission device, 
the first gate electrode has an opening end protruding 
more than the emitter electrode toward the center line 
of the hole. Accordingly, in this electron emission device, 
the electric field generated by the auxiliary electrode is 
shaded by the first gate electrode, suppressing the af- 
fect to the emitter electrode. Thus, in this electron de- 
vice, the electric field generated from the first gate elec- 
trode and the second gate electrode is effectively ap- 
plied to the emitter electrode. 

[0020] On the other hand, the electron emission de- 
vice production method according to the present inven- 
tion includes steps of: forming a layered body by forming 
on a substrate a first insulation layer, a first gate elec- 
trode, a second insulation layer, an emitter electrode, a 
third insulation layer, and a second gate electrode in this 
order; carrying out anisotropic etching to the layered 
body to form a first hole so as to expose the first gate 
electrode; forming a sacrifice layer to cover a surface of 
the layered body and an inner wall of the first hole as 


well as a predetermined area at an outer circumferenc 
ol the first gate electrode; and carrying out etching to 
the first gate electrode exposed outward and the first 
insulation layer so as to form a second hole; wherein the 
s second hole is formed to have a smaller opening dimen- 
sion than the first hole. 

[0021] In the electron emission production method 
having the aforementioned configuration, after the first 
hole is formed, the sacrifice layer is formed. This sacrl- 

10 f ice layer is formed so as to cover the inner wall of the 
first hole together with the outer circumference of the 
first gate electrode exposed to the bottom of the first 
hole. In this state, etching is carried out to the exposed 
first gate electrode, enabling to form the second hole 

is having a smaller opening dimension than the first hole. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] Fig. 1 is a perspective view schematically 
showing a configuration of an FED using an electron 
emission device according to the present invention. 
[0023] Fig. 2 is a cross sectional view for explanation 
of an entire configuration and a drive circuit of the elec- 
tron emission device. 

[0024] Fig. 3 is a plan view showing an essential por- 
tion of an opening of the electron emission device. 
[0025] Fig. 4 shows a relationship between a value of 
L2/L1 and the intensity of electric field applied to a tip 
end of an emitter electrode. 

[0026] Fig. 5 shows an electron emission device pro- 
duction method according to the present invent ton at a 
stage where a layered body and a photo-resist have 
been formed on the insulation substrate. 
[0027] Fig. 6 shows the electron emission device pro- 
duction method according to the present invention at a 
stage where a first opening has been formed. 
[0028] Fig. 7 shows the electron emission device pro- 
duct ion method according to the present invention at a 
stage where a sacrifice layer has been formed. 
[0029] Fig. B shows the electron emission device pro- 
duction method according to the present invention at a 
stage where a part of the sacrifice layer has been re- 
moved. 

[0030] Fig. 9 shows the electron emission device pro- 
duction method according to the present invention at a 
stage where a second opening has been formed. 
[0031] Fig. 10 shows the electron emission device 
production method according to the present invention at 
a stage where the sacrifice layer has been removed. 
[0032] Fig. 11 shows the electron emission device 
production method according to the present invention at 
a stage where isotropic etching has been carried out. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0033] Hereinafter, description will be directed to pre- 
ferred embodiments of the present invention with refer- 
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ence to the attached drawings. 

[0034] As shown schematically in Fig. 1 , the electron 
emission device according to the present embodiment 
is applied to a so-called field emission display (FED). 
This FED inlcudes a back plate 2 on which the electron 
emission device 1 is formed for carrying out field elec- 
tron emission; and a face plate 4 on which an anode 
electrode 3 is formed in stripes. In this FED, a high vac- 
uum state is maintained between the back plate 2 and 
the face plate 4. 

[0035] In this FED, on the face plate 4, a red fluores- 
cent body 5R for emitting a red light is formed on a pre- 
determined anode electrode 3; a green fluorescent body 
5G for emitting a green light is formed on the adjacent 
anode electrode 3; and a blue fluorescent body 5B lor 
emitting a blue light is formed on the further adjacent 
anode 3. That is, on this face plate, a plurality of red 
fluorescent bodies 5R, a plurality of green fluorescent 
bodies 5G, and a plurality of blue fluorescent bodies 5B 
(hereinafter, referred to as fluorescent bodies 5) are ar- 
ranged alternately in stripes. 

[0036] Moreover, in this FED, as shown in Fig. 1 and 
Fig. 2, a plurality of the electron emission devices 1 are 
formed in a matrix on the insulation substrate 6. Each 
of the electron emission devices 1 , as will be detailed 
later, has a predetermined layered configuration and 
has a hole 7 formed in a layering direction for emitting 
electron. 

[0037] The hole 7, i.e., opening of each of the electron 
emission devices 1 is arranged in a position facing the 
red fluorescent body 5R, the green fluorescent body 5B, 
and the blue fluorescent body 5B. 
[0038] In this FED, a pixel is constituted by a prede- 
termined region of the red fluorescent body 5R, the 
green fluorescent body 5G, and the blue fluorescent 
body 5B directly facing the electron emission device 1. 
It should be noted that in this FED, it is possible to ar- 
range a plurality of electron emission devices 1 to face 
a fluorescent body 5 constituting a pixel. 
[0039] Furthermore, in this FED, there are provided a 
plurality of pillars 9 arranged between the back plate 2 
and the face plate 4. The pillars 9 maintain a predeter- 
mined distance between the back plate 2 and the face 
plate 4 in a high vacuum. 

[0040] This electron emission device 1 , as shown in 
Fig. 2, includes: an insulation substrate 6 made from 
glass or the like; an auxiliary electrode 11 formed on the 
insulation substrate 6; a first gate electrode 13 layered 
via a first insulation layer 12 on the auxiliary electrode 
1 1 ; an emitter electrode 15 layered via a second insula- 
tion layer 14 on the first gate electrode 1 3; and a second 
gate electrode 17 layered via a third insulation layer 16 
on the emitter electrode 15. 

[0041] Moreover, in this electron emission device 1 , a 
hole 7 is formed through the first insulation layer 12, the 
first gate electrode 13, the second insulation layer 14, 
the emitter electrode 15, the third insulation layer 16, 
and the second gate electrode 17 so that the auxiliary 


electrode 11 is exposed at the bottom of the hole 7. Fur- 
thermore, in this electron emission device 1 , the first 
gate electrode 1 3 is formed so as to protrude into the 
hole more than the opening end of the emitter electrode 

£ 15. In this electron emission device 1, the hole 7 is 
formed so as to have an approximately rectangular 
opening. However, the configuration of this hole 7 is not 
to be limited to the rectangular shape but may be circu- 
lar, elliptical, or polygon unless an acute angle is con- 

10 tained. 

[0042] Furthermore, as shown in Fig. 2, in this elec- 
tron emission device 1 , grounding potential is applied to 
the emitter electrode 15; a signal potential of 0 to 100 V 
is applied to the first and the second gate electrodes 17 

is via a pulse oscillator 1 8; and a constant potential of -50 
to 50 V is applied to the auxiliary electrode 11 . 
[0043] In this electron emission device 1 , the auxiliary 
electrode 1 1 , the first gate electrode 1 3, the emitter elec- 
trode 15, and the second gate electrode 17 are formed 

20 from a conductive material such as Ti Cr, Mo, W, and 
the like with a film thickness of about 0.1 micrometer. 
Moreover, the first insulation layer 12, the second insu- 
lation layer 14, and the third insulation layer 16 are 
formed from an insulation material such as Si0 2 . 

25 [0044] In this electron emission device 1, the first in- 
sulation layer 1 2, the second insulation layer 1 4, and the 
third insulation layer 1 5 are formed so as to be recessed 
tram the opening defined by the first gate electrode 13, 
the emitter electrode 15, and the second gate electrode 

30 17. That is, in this electron emission device 1, the first 
gate electrode 1 3, the emitter electrode 1 5, and the sec- 
ond gate electrode 1 7 are formed to protrude from the 
first insulation layer 12, the second insulation layer 14, 
and the third insulation layer 16. 

35 [0045] Moreover, in this electron emission device 1, 
as shown in Fig. 2, if it is assumed that L1 is the film 
thickness of the second insulation layer 14, and L2 is 
the protrusion amount of the first gate electrode 1 3 with 
respect to the emitter electrode 15, it is preferable that 

40 the following relationship be satisfied. 

0.5 £ L2/L1 £ 2.0 (Expression) 

45 The electron emission device 1 having the aforemen- 
tioned configuration has a plurality of holes 7 arranged 
in a matrix and these holes 7 are successively driven to 
successively emit electrons. Thus, the electron emis- 
sion device 1 successively makes the fluorescent bod- 

&o ies 5 to emit light to display an image on the face plate 4. 
[0046] Here, in the electron emission device 1 , a pre- 
determined voltage is applied to the first gate electrode 
11 and the second gate electrode 17 according to a 
pulse signal corresponding to an image signal. This 

55 makes to drive predetermined holes 7 among the plu- 
rality of holes 7 arranged in a matrix. 
[0047] Moreover, by applying a predetermined volt- 
age to the first gate electrode 11 and the second gate 
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electrode 17, an electric field is generated between the 
first gate electrode 11, the second gate electrode 17, 
and the emitter electrode 1 5. This electric field is applied 
to the emitter electrode 15 so that the emitter electrode 
15 emits electrons from its tip end by way of so-called 
field electron emission. 

[0048] Here, in the electron emission device 1 , a pre- 
determined negative voltage is applied to the auxiliary 
electrode 11, which generates a predetermined electric 
field from the auxiliary electrode 11 . This electric field is 
generated almost in a vertical direction to the plane of 
the auxiliary electrode 11 , i.e., in the direction of the an- 
ode electrode 5. 

[0049] Accordingly, in the electron emission device 1 , 
as has been described above, electrons emitted from 
the emitter electrode 15 are deflected into the direction 
of the anode electrode 3, i.e., in a direction vertical to 
the insulation substrate 6. Especially in this electron 
emission device 1, even electrons emitted almost par- 
allel to the insulation substrate 6 are also deflected into 
a direction vertical to the insulation substrate 6. 
[0050] Consequently, in this electron emission de- 
vice, it is possible to make the electrons from the emitter 
electrode 15 effectively attack the fluorescent body 5 
formed on the anode electrode 3. Thus, this electron 
emission device 1 can effectively make the fluorescent 
body 5 emit light, enabling to significantly increase the 
FED luminance. 

[0051] Moreover, in this electron emission device 1, 
the first gate electrode 11 was formed to protrude from 
the emitter electrode 15 and accordingly, a part of the 
electric field generated from the auxiliary electrode 11 
is shaded by the first gate electrode 11. Consequently, 
the electric field generated from the pair of gate elec- 
trodes 1 1 and 1 7 can effectively be applied to the emitter 
electrode 1 5. In other words, in this electron emission 
device 1, the electric field applied to the emitter elec- 
trode 15 will not be weakened by the electric field gen- 
erated from the auxiliary electrode 11. Accordingly, in 
this electron emission device 1, in order to obtain a de- 
sired electron emission quantity, there is no need of con- 
sideration on an affect from the electric field generated 
from the auxiliary electrode 11 . It is possible to obtain a 
desired electron emission quantity by applying a com- 
paratively small drive voltage to the first gate electrode 
1 3 and the second gate electrode 17. 
[0052] In this electron emission device 1 , as has been 
described above, a predetermined electric field is 
formed between the emitter electrode 1 5 and the anode 
electrode 3. This electric field accelerates electrons to 
the direction of the anode electrode 3. Here, in the elec- 
tron emission device 1, the electrons deflected to be 
concentrated around the center line of the hole 7 are 
accelerated to attack the fluorescent body 5 formed on 
the anode electrode 3. Accordingly, in this electron 
emission device 1 , the emitted electrons can be concen- 
trated to attack the narrow range of the fluorescent body 
5. In other words, in this electron emission device 1 % 


electrons can be focused into a predetermined direction 
and accordingly, it is possible to make small the width 
of the fluorescent body 5. For this, this electron emission 
device 1 can be preferably applied to an FED having 
s fine fluorescent bodies 5. 

[0053] More specifically, in this electron emission de- 
vice 1 , as shown in Fig. 3, the hole 7 preferably has an 
opening where the first gate electrode 13 formed in the 
longitudinal direction protrudes from the emitter elec- 
trode 15. 

[0054] Thus, in this electron emission device 1 , it is 
possible to obtain focus in a direction vertically intersect- 
ing the longitudinal direction of the opening of the hole 
7. Accordingly, in this electron emission device 1 , it is 
possible to assure electron attack to the opening fluo- 
rescent body 5 without attacking a fluorescent body 5 
adjacent to the opposing fluorescent body 5. Conse- 
quently, in the FED using this electron emission device 
1 , it is possible to obtain an accurate color display with- 
out causing color disorder. 

[0055] Furthermore, Fig. 4 shows a relationship be- 
tween the intensity of the electric field applied to the 
emitter electrode 15 and the ratio of the film thickness 
L1 of the second insulation layer 14 with the protrusion 
amount L2 ol the first gate electrode 13 in this electron 
emission device 1 . It should be noted that in this Fig. 4, 
the vertical axis represents the intensity of the electric 
field applied to the emitter electrode 1 5 and the horizon- 
tal axis represents the relation of L1 with L2, i.e., L2/L1 . 
[0056] As is clear from this Fig. 4, while the value of 
L2/L1 is positive, it is possible to increase the intensity 
of the electric field applied to the emitter electrode 15. 
Accordingly, in this electron emission device 1 , by the 
protrusion of the first gate electrode 1 3, it is possible to 
increase the electron quantity emitted from the emitter 
electrode 15. Here, by setting the value of L2/L1 in the 
range of the aforementioned Expression, it is possible 
to further increase the electron quantity emitted from the 
emitter electrode 1 5. Here, if the value of L2/L1 is small- 
er than 0.5, it is impossible to increase by 1 .25 times or 
more the intensity of the electric field applied to the emit- 
ter electrode 15. Moreover, even if the value of L2/L1 is 
increased by 2.0 or more, the intensity of the electric 
field applied to the emitter electrode 15 stays un- 
changed like when the value of L2/L1 if about 2.0. 
[0057] The electron emission device production 
method according to the present invention is applied 
when producing the aforementioned electron emission 
device. 

[0058] In this method, firstly, as shown in Fig. 5, on an 
insulation substrate 20 made from glass or the like, fol- 
lowing layers are successively formed: a first conductive 
layer 21 , a first insulation layer 22, a second conductive 
layer 23, a second insulation layer 24, a third conductive 
layer 25, a third insulation layer 26, and a fourth con- 
ductive layer 27 in this order, thus forming the layered 
body 28. On this layered body 28, a photo-resist 29 is 
formed with a predetermined configuration. 
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[0059] More specifically, the first insulation layer 22, 
the second insulation layer 24, and the third insulation 
layer 26 are made from an insulation materia) such as 
Si0 2 by way of sputter deposition or plasma CVD using 
SiH 4 and N 2 0 gases. Here, the first insulation layer 22 
is formed with a film thickness of about 0.5 micrometers, 
the second insulation layer 24 with a film thickness of 
about 0.2 micrometers, and the third insulation layer 26 
with a film thickness of about 0.2 micrometers. Further- 
more, the first conductive layer 21 . the second conduc- 
tive layer 23, the third conductive layer 25, and the fourth 
conductive layer 27 are formed from a conductive ma- 
teria! such as Ti, Cr, Mo, W or the like by way of sputter 
deposition or electron beam (EB) deposit ton. Here, each 
of the first conductive layer 21, the second conductive 
layer 23, the third conductive layer 25, and the fourth 
conductive layer is formed with a film thickness of about 
0.1 micrometer. 

[0060] Moreover, the photo-resist 29 has a configura- 
tion having an opening 30 arranged in a matrix. This 
photo-resist 29 is termed by applying a photo-resist ma- 
terial over the fourth conductive layer 27 which is pat- 
terned as has been described above by way of photo- 
lithography, etching, and the like. 
[0061] Next, as shown in Fig. 6, anisotropic etching is 
carried out to the surface where the photo-resist is 
formed until the second conductive layer 23 is exposed. 
Thus, the etching is carried out almost in a vertical di- 
rection from the opening 30 of the photo-resist 29, thus 
forming a first opening 31. For example to the fourth con- 
ductive layer 27 and the third conductive layer 25, this 
anisotropic etching may be a reaction type ion etching 
using SF 6 . The third insulation layer 26 and the second 
insulation layer 24 may be subjected to a reaction type 
ion etching using CHF 3 gas or the like. 
[0062] Next, the photo-resist 29 is removed and as 
shown in Fig. 7, a sacrifice layer 32 is formed on the 
plane where the second conductive layer 23 is exposed. 
This sacrifice layer 32, for example, is formed from 
amorphous silicon or Si0 2 by way of plasma CVD. Here, 
the sacrifice layer 32 is formed on the fourth conductive 
layer 27, on the side wall of the aforementioned first 
opening 31 , and on the second conductive layer 23 ex- 
posed to the bottom of the first opening 31 . It should be 
noted that the sacrifice layer 32 formed on the second 
conductive layer 23 is formed with a smaller thickness 
than the sacrifice layer 32 termed on the fourth conduc- 
tive layer 27. 

[0063] Next, as shown in Fig. 8, etching is carried out 
to remove a part of the sacrifice layer 32 formed on the 
second conductive layer 23. Here, the etching may be 
anisotropic etching such as a reaction type ion etching 
using SF 6 gas or the like if the sacrifice layer 32 is made 
from amorphous silicon. Thus, in this processing step, 
the anisotropic etching enables to remove a part of the 
sacrifice layer 32 formed on the second conductive layer 
23 while leaving the sacrifice layer 32 formed on the side 
wall of the opening 31 . As a result, the second conduc- 


tive layer is exposed at the center of the bottom of the 
first opening 31 , while the side wall of the first opening 
31 is covered with the sacrifice layer 31 . 
[0064] Next, as shown in Fig. 9, anisotropic etching is 

s carried out using the sacrifice layer 32 as a mask to re- 
move the second conductive layer exposed. In this an- 
isotropic etching, the aforementioned reaction type Ion 
etching is carried out to the exposed second conductive 
layer 23 to form a second opening 33. Thus, the ex- 

io posed portion of the conductive layer 23 constituting the 
bottom of the first opening 31 is removed, while leaving 
the portion covered with the side wall of the first opening 
23. 

[0065] Next, as shown in Fig. 10, the sacrifice layer 
is 32 is removed by way of wet etching using a KOH aque- 
ous solution or the like. This etching leaves the first 
opening 31 exposed as a hole through the second insu- 
lation layer 24, the third conductive layer 25, the third 
insulation layer 26, and the fourth conductive layer 27, 
20 and a second opening 33 as a hole through the second 
conductive layer 23. By this method, the second open- 
ing 33 can have a smaller opening dimension than the 
first opening 31. 

[0066] Next, as shown in Fig. 1 1 , isotropic etching is 
2£ carried out until the first conductive layer is exposed. 
This isotropic etching may be, for example, wet etching 
using buffered fluoride. This isotropic etching isotropi- 
cally etches the first insulation' layer 22 as well as the 
second insulation layer 24 and the third insulation layer 
30 24. Here, the first insulation layer 22 is etched to have 
an opening end recessed from the opening end of the 
conductive layer 23. Similarly, the second insulation lay- 
er 24 and the third insulation layer 26 are etched so ps 
to have their opening ends recessed from the op* 
35 end of the third conductive layer 25 and the fourth con- 
ductive layer 27, respectively. 

[0067] Thus, in this method, the first conductive layer 
21 is made to serve as the auxiliary electrode 11, the 
second conductive layer 23 and the fourth conductive 

^0 layer serve as the first gate electrode 1 3 and the second 
gate electrode 17, respectively, and the third conductive 
layer 25 serves as the emitter electrode 15. According 
to this method, it is possible to form the second gate 
electrode 17 to protrude toward the center line of the 

is hole 7 more than the emitter electrode 15. 

[0068] Morever, in this method, the second conduc- 
tive layer 23 constituting the bottom of the first opening 

31 and covered by the sacrifice layer 32 formed on the 
side wall of the first opening 31 becomes the protrusion 

so amount of the first gate electrode 1 3. Accordingly, in this 
method, by adjusting the thickness of the sacrifice layer 

32 formed on the side wall of the first opening, it is pos- 
sible to control the protrusion amount of the first gate 
electrode 13 with respect to the emitter electrode 15. 

ss Consequently, this method facilitates the control of the 
protrusion amount of the first gate electrode 1 3. 
[0069] As has been described above, in the electron 
emission device according to the present invention, the 
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first gate electrode is formed to protrude inside the hole 
more than the emitter electrode. Accordingly, the elec- 
tric field generated by the auxiliary electrode is shaded 
by the first gate and not applied to the emitter electrode. 
Thus, in this electron emission device, the electric field 
generated from the first gate electrode and the second 
gate electrode is effectively applied to the emitter elec- 
trode. Consequently, in this electron emission device, it 
is possible to use the electric field generated from the 
auxiliary electrode to deflect electrons to a desired di- 
rection as well as to apply a large electric field to the 
emitter electrode without applying a large voltage to the 
first and the second gate electrodes, thus enabling to 
improve the electron emission characteristic. 
[0070] Moreover, in the electron emission device pro- 
duction method according to the present invention, a 
sacrifice layer is used so that the second hole has a 
smaller opening dimension than the first hole. Accord- 
ingly, in this method, it is possible to easily produce an 
electron emission device in which an electric field gen- 
erated from the auxiliary electrode is used to deflect 
electrons to a desired direction as well as to apply a 
large electric field to the emitter electrode without apply- 
ing a large voltage to the first and the second gate elec- 
trodes, thus enabling to improve the electron emission 
characteristic. 


Claims 

1. An electron emission device comprising: 

an auxiliary electrode (11) layered over a sub- 
strate (6); 

a first gate electrode (13) layered via a first in- 
sulation layer (1 2) over said auxiliary electrode 
(11); 

an emitter electrode (15) layered via a second 
insulation layer (14) over said first gate elec- 
trode (1 3) for emitting electrons when subject- 
ed to an electric field; and 
a second gate electrode (17) layered via a third 
insulation layer (16) over said emitter electrode 
(15); 

wherein a hole (7) is formed through said first 
insulation layer (12), said first gate electrode 
(13), said second insulation layer (14), said 
emitter electrode (1 5), said third insulation lay- 
er (16), and said second gate electrode (17), 
so that said auxiliary electrode (11) is exposed 
at a bottom of said hole (7); and 
said first gate electrode (13) is formed so as to 
protrude more than said emitter electrode (15) 
toward a center line of said hole (7). 

2. An electron emission device as claimed in Claim 1 , 
wherein 


said first insulation layer (12) has an op ning 
end more recessed than an opening end of said 
first gate electrode (13); and 
said second insulation layer (1 4) and said third 
5 insulation layer (16) have opening ends more 

recessed than opening ends of said emitter 
electrode (15) and said second gate electrode 
(17). 

io 3. An electron emission device as claimed in Claim 1 , 
wherein if it is assumed that L1 is a film thickness 
of said second insulation layer (14) and L2 is a pro- 
trusion amount of said first gate electrode, then L1 
and L2 satisfies a relationship as follows: 

is 

0.5 <, L2/L1 £ 2.0 

4. An electron emission device manufacturing method 
20 comprising the steps of: 

forming a layered body (28) by forming on a 
substrate (20), an auxiliary electrode (21), a 
first insulation layer (22), a first gate electrode 
(23), a second insulation layer (24), an emitter 
electrode (25), a third insulation layer (26), and 
a second gate electrode (27) in this order, 
carrying out anisotropic etching to said layered 
body (28) to form a first hole (31) so as to ex- 
pose said first gate electrode (23), 
forming a sacrifice layer (32) to cover a surface 
of said layered body (28) and an inner wall of 
said first hole (31) as well as a predetermined 
area at an outer circumference of said first gate 
electrode (23), and 

carrying out etching to said first gate electrode 
(23) exposed outward and said first insulation 
layer (22) so as to form a second hole (33), 
wherein said second hole (33) is formed to have 
a smaller opening dimension than said first hole 
(31). 

5. An electron emission device manufacturing method 
as claimed in Claim 4, wherein after said second 
hole (33) is formed, said first insulation layer (22), 
said second insulation layer (24). and said third in- 
sulation layer (26) are subjected to isotropic etch- 
ing, so that said first insulation layer (22) is recessed 
outward than said first gate electrode (23), and said 
second insulation layer (24) and said third insulation 
layer (26) are recessed outward than said emitter 
electrode (25) and said second gate electrode. 
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